In order to analyze the phylogeny of soybean-nodulating bacteria in alkaline soils in Vietnam, indigenous soybean-nodulating bacteria were isolated from root nodules by cultivating three kinds of &j-soybean cultivam on two alkaline soils in Vietnam. The 120 isolates were classified into two major genera of soybean-nodulating rhizobia, namely Brudyrhizobium and Sinorhizobium genera, based on a growth analysis on medium and PCR-RFLP analyses of 16s rDNA and of the 165-23s rDNA internal transcribed spacer (ITS) region. Most of the isolates of B. juponicum were extra-slow-growing and their ITS types were similar to that of B. juponicum USDA 136. They were not isolated €kom the soybean cultivar CNS used as &jm, genotype. Isolates of Sinorhizobium were divided into two groups, S. fredii and S. sp., based on a PCR-RFLP analysis of 16s rDNA. Furthermore, PCR-RFLP analysis of the 165-23s rDNA ITS region enabled to separate them into Ave types, three ITS types associated with S. fkedii and two with S. sp. Sinorhizobium was frequently isolated from the three soybean cultivars on two soils. From the isolate ratio, it was suggested that B. juponicum strains similar to B. juponicum USDA 136 and S.Pedii predominated in the alkaline soils of Vietnam. Additionally, our findings indicated that the &j-genotypes affected not only the compatibility, but also the preference for nodulation between the host soybean and rhizobia.
Soybean [Glycine m u . (L.) Merr.] can develop symbiotic organs, namely root nodules, by infection with the soil bacteria Bradyrhizobium or Sinorhizobium, and acquire atmospheric nitrogen as ammonia through the nodules associated with symbiotic bacteria. Soybeannodulating bacteria in the genus Brudyrhizobium are gram-negative bacteria that are slow-growing and produce alkaline substances on a yeast extract-mannitol (YM, Vincent 1970) medium. Presently, the genus Bradyrhizobium consists of B. japonicum and B. elkanii (Kuykendall et al. 1992) . The name B. liaoningense for a strain that was isolated from China and displayed an extra-slow-growing property, was proposed by Xu et al. (1995) . B. liaoningense USDA 3622T, however, has been found to show identical 16s rDNA and ITS sequences with those of B. japonicum USDA 135 (van Berkum and Fuhrmann 2000) . Furthermore, it is characterized by serotype 135, identical 16s rDNA, gyrB gene, growth properties and RS fingerprint with those of B . japonicum USDA 135 (Sameshima et al. 2003) . We also reported (Saeki et al. 2004 ) that USDA 135 and 3622* were included in the cluster of B. japonicum USDA 6T, while that the cluster of B. juponicurn USDA 1 10 could be distinguished from the cluster USDA 6T in terms of 16s rDNA and the 16s-23s rDNA internal transcribed spacer (ITS) region. In this regard, van Berkum and Fuhrmann (2000) concluded that it was not possible to distinguish B. liaoningense from the serogroup 135 and suggested that the serogroup 135 should continue to be considered as a member of B. japonicurn. Therefore, B. liaoningense will be dealt as a reference strain of extraslow-growing B. juponicum in the present report. Other soybean-nodulating bacteria, in the genus Sinorhizohium, are gram-negative bacteria that are fast-growing and produce acid substances onYM medium. The fast-growing soybean rhizobia have mainly been isolated from China (Keyser et al. 1982; Dowdle and Bohlool 1985) and Taiwan (Young et al. 1988) . The fast-growing soy-bean rhizobia, which were included in the genus Rhizobium and referred to as Rhizobium fredii (Scholla and Elkan 1984) , are now designated as Sinorhizobiurn fredii (Chen et al. 1988) . Although S. fi-edii formed effective nodules with wild soybean and local soybean varieties from China, it formed ineffective nodules with common commercial soybean cultivars in the USA (Keyser et al. 1982) . Notwithstanding the recent proposal of Young (2003) that most of the species previously allocated to the genus name Sinorhizobiurn should be assigned to the genus name Ensifel; the genus name Sinorhizobium will be used in the present report.
For compatibility and preference for nodulation between soybean and rhizobia, it has been reported that soybean cultivars that harbor Rj-genes might control not only the compatibility with specific strains, but also the preference for nodulation of indigenous bradyrhizobia, even if soybean cultivation is performed on the same soil (Ishizuka et al. 1991; Saeki et al. 2000) . In the analysis of indigenous soybean-nodulating bacteria, therefore, it is important to use several kinds of Rj-soybean cultivars for the isolation of rhizobia. For phylogenetic analysis, sequence analysis of the 16s rRNA gene (rDNA) is a useful method for assigning strains to species. Additionally, amplified rDNA restriction analysis (ARDRA) is a simple method used to clarify the taxonomy of several organisms, although it has been found that bacteria may harbor multiple copies of the rRNA gene. We also reported that PCR-RFLP analysis of the ITS region between 16s rDNA and 23s rDNA was useful for the grouping of Brudyrhizobium strains (Saeki et al. 2004) .
There are few reports describing in detail the presence of soybean-nodulating bacteria in Vietnam although northern Vietnam is a soybean cultivation area. Several alkaline soils are distributed from the northern to the southern regions of Vietnam, and the parent materials consist of limestone. In the present study, we attempted the isolation and phylogenetic analysis of indigenous soybean-nodulating bacteria from two alkaline soils in Vietnam by the cultivation of three kinds of Rj-soybean cultivars. Phylogenetic analyses were performed to classify the indigenous soybean-nodulating bacteria, based on comparisons with reference strains of the 16s rDNA sequence, as well as PCR-RFLP analyses of 16s rDNA and of the ITS region between 16s and 23s rDNAs.
MATERIALS AND MJ3THODS
Rhizobium isolation from two different Vietnam soils. Soil samples for soybean cultivation and rhizobium isolation were collected from the fields of Hanoi Agricultural University (HAU), Hanoi, Vietnam and Can Tho University (CTU), Can Tho, Vietnam (Fig.  1) . Sample soils were selected based on the absence of record of soybean cultivation. The chemical properties of the HAU soil were as follows; texture SiCL, pH(H,O) 8.25, EC 0.174, total-N 0.086% and total-C 0.73%, and the chemical properties of the CTU soil were as follows; texture LS, pH(H,O) 8.14, EC 0.165, total-N 0.070% and total-C 0.73%. Culture pots (3-L volume) were filled with vermiculite with a N-free nutrient solution (Saeki et al. 2000) at 40% (v/v) water content and sterilized by autoclaving. Soybean seeds were sterilized with 70% ethanol and a 2.5% sodium hypochlorite solution. Soil (2 g) was placed in vermiculite at a depth of 2-3 cm and then surface-sterilized soybean seeds were sowed on the soil. Soybean cultivars used in this study were Akishirome (non-Rj), CNS (RjPjJ and Fukuyutaka (Rj4). The pots were prepared in triplicate and were placed in a greenhouse for 5 weeks. Sterile N-free nutrient solution was supplied every 7 d during the culture. Possibility of contamination with non-relevant soybeannodulating bacteria was excluded by confirmation of the absence of nodule formation on negative control cul- tures without soil. Nodules were detached at random from the roots and then sterilized with 70% ethanol and a 2.5% sodium hypochlorite solution. Each nodule was homogenized in sterile 0.9% NaCl and then streaked onto a yeast extract-mannitol agar (YMA, Vincent 1970) plate: Following incubation at 28°C for 3, 7 or 21 d, a single colony recognized on the medium was picked up and re-streaked onto a YMA plate for the isolates that were incubated for 3 or 7 d, or onto a HM plate (Sameshima et al. 2003) for the isolates which did not produce mucoid substances and were incubated for 21 d due to the extra-slow-growing property, respectively. In principle, one colony was isolated from one nodule. After incubation for 3-7 d, a single colony was streaked onto YMA or HM slant medium and incubated for 3-7 d, then stored at 4°C until further analysis. These fastgrowing isolates (3-d culture), slow-growing isolates (7-d culture), and extra-slow-growing isolates which did not produce mucoid substances (2 1 -d culture) were distinguished based on the duration of their culture period and production traits of acid/alkaline and mucoid substances on YMA media, and the generation times, as described below.
Inoculation test.
To confirm the compatibility for effective nodule formation of each isolate with the Rjgenotypes, three soybean cultivars, Bragg (non-Rj), CNS (RjPjJ and Hill (Rj,) were used. Soybean seeds were sterilized as described above. The seeds were sown in 500mL sterilized vermiculite moistened to 40% water content with a N-free culture solution. The isolates cultured in a yeast extract-mannitol broth (YMB, Vincent 1970) medium were diluted with sterile deionized water to lo6 cells mL-' and a 1 mL aliquot was inoculated to a seed. After 21-d of culture, the formation of effective nodules was checked on the soybean roots.
Growth on YMB medium and production of acid/allraline substances on YMA-BTB medium.
One hundred twenty isolates were grown on YMA plates containing 0.002% (w/v) bromothymol blue (BTB) and subsequently classified into two groups according to the report of Keyser et al. (1982) ; isolates categorized into the first group showed a fast growth and the medium turned yellow (production of acid substances), and the second group showed a slow growth and the medium turned blue (production of alkaline substances). Four isolates, CC-3 and HC-4 as fast growers, HF-7 as a slow grower and CF-17 as an extra-slow grower, were selected from the aforementioned two groups and used for the growth test on YMB medium by the dilutionplate method. S. fredii USDA 205T, B. japonicum USDA ST and B. liuoningense USDA 3622T were used as reference strains for fast, slow and extra-slow growers, respectively. A preculture of the strain in HM liquid medium was diluted (1 in 105 times) with YMB medium and incubated at 28'C with shaking at 160 rpm. An aliquot of the culture was diluted with sterile 0.9% NaCl and then spread on aYMA plate for USDA 6T and HF-7, on a HM plate for USDA 3622T and CF-17 every 24 h for 8 d, or on a YMA plate for USDA 205T, CC-3 and HC-4 every 12 h for 4 d , respectively. The growth curves were drawn from the three independent experiments. Generation time was calculated from the exponential phase of the growth curve.
PCR-RFLP analysis of 16s rDNA. Total DNA of the all isolates for use as PCR template was extracted from a HM culture of the isolates as described previously ( Saeki et al. 2004 ). Rhizobium cells cultured in HM medium were collected by centrifugation and washed with sterile distilled water. A 40 pL cell suspension in sterile distilled water was mixed with 50 pL of BL buff- Schematic representation of 16s rDNA and 16s-23s rDNA internal transcribed spacer region of Bradyrhizobium er (40 mM Tris-HCI, 1% Tween 20,0.5% Nonidet P-40, 1 mM EDTA, pH 8.0) and 10 FL of proteinase K (1 mg mI-'). This mixture was incubated at 60°C for 30 min and then exposed to a 95°C temperature for 5 min. The supernatant obtained after centrifugation was used as the PCR template. The PCR was performed using Ex Tuq DNA polymerase (TaKaRa Bio, Inc., Shiga, Japan). A primer set (16s-F: 5'-AGAGT'TTGATCCTGGCTCAGbased on the report of Weisburg et al. (1991) was used to amplify the 16s rDNA (Fig. 2) . The PCR cycle consisted of a pre-run at 94°C for 5 min, denaturation at 94°C for 1 min, annealing at 55°C for 1 min, and extension at 72°C for 1 min. This was repeated for a total of 30 cycles and was followed by a final post-run at 72°C for 10 min. RFLP analysis of the PCR products was performed using the restriction enzymes HueIII, HhuI, MspI and XspI (TaKaRa Bio, Inc.). Five microliters of a PCR product was digested with the restriction enzyme at 37°C for 3 h in 20 p,L of the reaction mixture. The digested products were separated by submerged gel electrophoresis and stained with ethidium bromide. B. juponicum USDA 6T, 110, 124 and B. efkunii USDA 76T were used as Brudyrhizobium reference strains based on the previous report (Saeki et al. 2004) . Sinorhizobium fredii USDA 191, 192, 193, 194, 205T and S. mefiloti USDA 1002T were used as Sinorhizobium reference strains. One or two isolates for 16s rDNA sequence analysis were selected from each cluster based on the PCR-RFLP analysis of the ITS region. The isolates, 10, HC-10 and HC-7 were analyzed for the 16s rDNA sequence. The PCR products of the 16s rDNAs from the isolates were subcloned into pBluescript I1 SK( +) and Escherichiu cofi XL 1 -Blue MRF' (STRATAGENE, La Jolla, CA, USA). Two or three clones in an isolate were selected for analysis using ABI PRISM Genetic Analyzer 310 (Applied Biosystems, Ltd., Foster City, CA, USA). The 16s rDNA sequences were analyzed by BLAST search with the DDBJ/EMBL/GenBank database to identify the genus of the representative isolates. DNA sequences analyzed in this study were submitted at the DDBJ/EMBL/GenBank database.
PCR-RFLP analysis of 165-235 rDNA ITS region. For ITS amplification, the ITS primer set (ITS 15 12F 5'-GTCGTAACAAGGTAGCCGT-3'. ITSLS23R: 5'-TGCCAAGGCATCCACC-3') based on the report of Hiraishi et al. (1997) was used for the PCR reaction (Fig. 2) . The PCR cycle consisted of a pre-run at 94°C for 5 min, denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 1 min. This was repeated for a total of 30 cycles and was followed by a final post-run at 72°C for 1Omin. PCR-RFLP analysis of the 16s-23s rDNA ITS region was 3' and 16S-R2: 5'-CGGCTACCTTGTTACGACTT-3') HA-8, CF-15, HF-7, HC-6, HF-6, HF-12, CA-13, CFperformed as described above for all the isolates. Based on the previous report (Saeki et al. 2004 ), B. juponicum USDA 4, 6T, 38, 1 10, 124, 135 and B. elkanii USDA 46 and 76T were used as Brudyrhizobium reference strains. S. fredii USDA 191, 192, 193, 194, 205T and S. melifori USDA 1002T were used as Sinorhizobium reference strains. PCR-RFLP analysis of the 16s-23s rDNA ITS region was performed with Sinorhizobium and Brudyrhizobium isolates separately, since the PCR products were divided by size into two groups, Sinorhizobiurn and Bradyrhizobium isolates, respectively (Fig. 2) .
Cluster analysis. For the cluster analysis, each fragment on the electrophoresed gel was counted as one fragment without reference to the density of the fragment. The genetic distance between pairs of strains (D) was calculated by the equation
where Nxy is the number of bands shared by the two strains and Nx and Ny denote the number of bands in strains x and y, respectively (Nei and Li 1979; Sakai et al. 1998) . Cluster analysis was performed by the unweighted pair group method using the arithmetic average (UPGMA) method. Phylogenetic trees were constructed using the PHYLIP software program ver. 3.573 (Joseph Felsenstein and the University of Washington).
RESULTS

Isolation of soybean-nodulating bacteria
Twenty isolates obtained from the root nodules of each host and soil combination were numbered as HA-1 to HA-20 (HAU-Akishirome), HC-1 to HC-20 (HAU-CNS), HF-1 to HF-20 (HAU-Fukuyutaka), CA-1 to CA-20 (CTU-Akishirome), CC-1 to CC-20 (CTU-CNS) and CF-1 to CF-20 (CTU-Fukuyutaka). A total of 120 isolates were used for further analysis. These isolates from soybean nodules were classified into fast-growing, slowgrowing and extra-slow-growing isolates (Table 1) . Although the sample sites and the soil texture were different between the sample soils, fast-growing isolates were mainly isolated from CNS at a rate of 95-loo%, irrespective of the soil types. Extra-slow-growing isolates were present within the HA, CA and CF isolates at a rate of 70-80%. Fast-growing isolates within the HF isolates were present at a rate of 55%. Two slow-growing isolates were isolated from HF and HC, respectively. In all the isolates the nodule formation on the same Rjgenotype of the host soybean cultivar was confirmed based on the results of the inoculation test.
Growth on YMB medium and production of aciualkaline substances on YMA-BTB medium
The BTB medium became yellow in the presence of %bIe 1.
GrouDing of soybean-nodulating rhizobia from two alkaline soils in Vietnam. sixty-five fast-growing isolates ( PCR-RFLP analysis of 16s rDNA PCR-RFLP analysis was performed based on the electrophoresis patterns, as shown in Fig. 3-A. Cluster analysis revealed 4 types of 16s rDNAs (Fig. 4) . The fastgrowing isolates were divided into two groups, classified into the genus Sinorhizobium. The RFLP patterns of one cluster, the 16s-Sf 205 cluster containing 49 isolates, corresponded to those of S. fredii USDA 205T. In another cluster, the 16s-Ssp cluster consisting of 16 isolates, the RFLP patterns were different from those of the S. fredii reference strains, although these isolates con- rl juponicum USDA 6T. The RFLP patterns of two slowgrowing isolates, thel6S-Bj cluster, were different from those of the reference stains, although the two isolates were included in the B. juponicum cluster. The partial sequences of 16s rDNA supported the classification derived from the PCR-RFLP analysis of 16s rDNA and ITS region, as described below. Sequence data have been submitted to the DDBJ/EMBL/GenBank databases under accession number AB 195266 for HF-7 and HC-6; AB195267 for HA-8 and CF-15; AB195268 for HC-7, HC-10, CF-10 and CA-13; and AB 195269 for HF-6 and HF-12, respectively. The results of BLAST search indicated that HF-7, HC-6, CF-15 and HA-8 were members of B. juponicum and CF-10, CA13, HC-10 and HC-7 were members of S. fredii, while HF-12 and HF-6 belonged to the genus Sinorhizohium but were independent from S. fredii (Table 1) . um strains. The results of the cluster analysis are shown in Fig. 5 . Cluster analysis of the ITS region of the fastgrowing rhizobia revealed two main clusters in accordance with the results from the 16s rDNA analysis. One cluster consisted of three types of ITS, ITS-Sf I, -Sf I1 and -Sf III, and the ITS-Sf I type corresponded to S . fredii USDA 205T. The strains of the ITS-Sf I type were mainly isolated from the CTU soil. Other two types, ITS-Sf I1 and -Sf I11 that differed from the reference strains were exclusively isolated from the HAU soil. Another main cluster, the Ssp cluster, which consisted of two types of ITS, ITS-Ssp I and -Ssp 11, was independent from the cluster of S. fi-edii. These strains were solely isolated from the HAU soil. On the other hand, cluster analysis of the slow-and extra-slow-growing isolates indicated the presence of two subclusters. One subcluster consisted of two ITS types, ITS-Bj I1 and -Bj 111, and the strains in this subcluster were similar to B. japonicum USDA 135 and isolated from both soils. The other subcluster consisted of two strains with the ITS-Bj I type, which was independent from the ITS types of the reference strains used in the present study. These two strains were isolated from only the HAU soil.
PCR-RFLP analysis of
Grouping of isolates
Based on the growth properties and differences in the 16s rDNA and16S-23s rDNA ITS region, the isolates were classified into 8 types, Bj S, Bj ESI, Bj ESII, Sf I, Sf 11, Sf 111, Ssp I and Ssp 11. The groups were expressed in terms of the combinations of soils, host soybeans and the 8 types. The isolates were classified into 23 groups;
HA isolates into 5 groups, HC isolates into 6 groups, HF isolates into 5 groups, CA isolates into 2 groups, CC isolates into 2 groups and CF isolates into 3 groups, respectively (Table 1) . Soybean-nodulating rhizobia of the HAU soil consisted of 7 types, Bj S, Bj ESII, Sf I, Sf 11, Sf 111, Ssp I and Ssp 11. On the other hand, rhizobia of the CTU soil consisted of 4 types, Bj ESI, Bj ESII, Sf I and Ssp I1 (Table 1) .
DISCUSSION
Based on the results of growth properties, homology search of 16s rDNA partial sequence and PCR-RFLP analyses of 16s rDNA and ITS region, the Sinorhizobium isolates belonging to groups of the Sf I, Sf I1 and Sf 111 groups in each soil type, were considered to correspond to S . fredii. The S. j-edii strains were present in alkaline soils from the northern to the southern regions of Vietnam, although the ITS types differed depending on the geographical locations (Fig. 5) . However, another Sinorhizohium cluster including the Ssp I and Ssp I1 groups did not correspond to S. fi-edii, but to other species of the genus Sinorhizobium, designated as S. sp. (Glycine max) in the present study. The fast-growing soybean-nodulating bacteria that are classified into the genus Sinorhizohium, and are different from S. fredii, may occur in the northern region of Vietnam. This assumption is supported by the fact that the strains reisolated from the nodules in the inoculation test showed identical PCR-RFLP patterns of the ITS region with that of the inoculum (data not shown). These results suggested the existence of novel Sinorhizobiurn species that nodulate soybeans. On the other hand, the extra-slowgrowing bradyrhizobia, groups Bj ESI and Bj ESII, showed identical RFLP patterns with that of the 16s rDNA of B. japonicum USDA 6T (Fig. 4) . These isolates also did not produce mucoid substances similar to those of B. japonicum USDA 135. In the previous report (Saeki et al. 2004) , the presence of 4 types of PCR-RFLP patterns of 16s rDNA among the Bradyrlzizobium USDA serotype strains was revealed and it was shown that the RFLP patterns among the B. japonicum USDA 4, 6T, 38, 115 123, 127 , 135 and B. liaoningense 3622T strains were identical when the four restriction enzymes in the present study were used. For the ITS analysis, these extra-slow-growing isolates were classified in the dendrogram into similar positions to, but not identical, with that of B. japonicum USDA 135 (Fig. 5) . The isolates belonging to Bj ESII were major bradyrhizobia regardless of the geographical locations. Gross et al. (1979) reported the presence of several types of extraslow-growing strains that did not produce mucoid substances in serotype 135, based on plasmid analysis. Our results also indicated the existence of two types of ITS patterns in the extra-slow-growing isolates that were similar to those of B. japonicum USDA 135. The two rare slow-growing isolates, group Bj S, were isolated only from the HAU soil, and showed independent patterns in both the 16s rDNA and ITS analyses, compared with the reference strains used in the present study, although the species was classified into B. japonicum (Table 1) . Yokoyama et al. (1996) and Ando and Yokoyama (1999) conducted a phylogenetic study of soybean-nodulating isolates from Thailand, based on RFLP analyses with the nodDYABC gene and niPK gene as probes. They identified soybean-nodulating bradyrhizobia, B. japonicum, B. elkanii and B. sp. (Glycine max) that showed an identical partial sequence with that of B. japonicum USDA 6T. In the present study, B. elkanii was not isolated from alkaline soils in Vietnam. Although the relationship between the Thai isolates and Vietnam isolates, has not been fully elucidated, since most of the isolates from alkaline soils in Vietnam corresponded to S. ji-edii, S . sp. and B. japonicum isolates similar to B. japonicum USDA 135, the distribution of the soybeannodulating rhizobia appears to be influenced by the soil properties and/or geographical differences in the Southeast Asian region. Since the Sinorhizobiurn soybeannodulating bacteria produce acid substances, they may survive under alkaline conditions, as described by Sadowsky et al. (1983) . They analyzed the pH tolerance of slow-growing and fast-growing soybean rhizobia, showing that the slow-growing rhizobia were tolerant to acid conditions (pH 4.5) but not to alkaline ones (pH 9.0-9.9, while the fast-growing rhizobia were tolerant to alkaline conditions but not to acid ones. B. juponicurn USDA 135, however, was not examined in their experiment. B. juponicum serogroup 135 might be considered to be a bradyrhizobium with a survival ability to alkaline conditions. This is because it has been reported that the bradyrhizobium isolates with the serotype 135 were chiefly isolated from alkaline soils in Iowa and Nebraska, USA, and seldom isolated from neutral or acid soils (Damirgi et al. 1967; Ham et al. 1971; Kowalski et al. 1974; Gross et al. 1979) . In this regard, further studies should be carried out to clarify the mechanisms responsible for the development and survival of soybean rhizobia under various soil conditions.
Based on the PCR-RFLP analysis of the 16s-23s rDNA ITS region of the Brudyrhizobiurn isolates, the size of the PCR products and the sum of the RFLP band sizes were in accordance with each other when considering RFLP patterns with similar fragment sizes. On the other hand, when the same analysis was conducted for the Sinorhizobiurn isolates, the RFLP band patterns showed a discrepancy between the size of the PCR products of the ITS region and the sum of the RFLP band sizes in the cluster of S. fredii USDA 205T. Since it was reported that the genome of Sinorhizobiurn meliloti strain 1021 harbors 3 copies of the rRNA gene operon Galibert et al. 2001) and that fastgrowing Rhizohiurn species contain three copies based on the DNA hybridization method (Kundig et al. 1995) , it was suggested that the strains belonging to the genus Sinorhizobiurn contain multiple copies of the rDNA operon. The variable band patterns detected in the cluster, therefore, may have originated from these multiple copies of the rDNA operon since the ITS region between the 16s and 23s rDNA may display a higher variability.
The results of the inoculation test revealed that the isolates of the Bj ESII group were incompatible for nodulation with Rj& genotype soybeans. It is reasonable to assume that Bj ESII was not isolated from the soybean cultivar CNS used as Rj& genotype. On the other hand, Akishirome, used as a non-Rj genotype, preferred bradyrhizobia for nodulation although Sinorhizobium isolates could form effective nodules on the soybean cultivars with every Rj-genotype in the inoculation test. The soybean cultivar Fukuyutaka with the Rj, genotype might express an intermediate phenotype between Akishirome (non-Rj) and CNS (RjPjJ with a preference for rhizobia for nodulation. These results suggest that the Rj-genotype characters in soybean affect not only the compatibility but also the preference for nodulation between the host and soybean rhizobia. Although all the Sinorhizobiurn isolates in the present study were compatible for nodulation with the three different genotypes of soybean cultivars used in the inoculation test, Keyser et al. (1982) who reported that S. fredii strains formed effective nodules with wild soybean and local soybean varieties, but largely ineffective nodules with common commercial soybean cultivars, suggested the presence of host genes similar to the Rj-genes that were known to control the incompatibility with Bradyrhizobiurn strains. The soybean genotypes and compatibility for nodulation still involve a complex interplay that requires further analysis.
In the present study, we successfully isolated soybean-nodulating bacteria from alkaline soils in Vietnam and analyzed the genetic diversity and geographical distribution among the isolates based on the PCR-RFLP analysis of 16s rDNA and the 16s-23s rDNA ITS region. The predominant strains in alkaline soils in Vietnam appeared to be Bradyrhizobia similar to B. juponicum USDA 135 and S. fredii strains. Additionally, the potential of preference for nodulation was demonstrated between Rj-soybean and rhizobia. Further studies will focus on the relationship between the soybean Rj-genotypes and the compatibility and/or preference shown by rhizobia for nodulation and the mechanisms responsible for the establishment and survival of the rhizobia under the various soil conditions.
